OPINION Uterotonics and tocolytics for anesthesiologists
INTRODUCTION
One attraction of obstetric anesthesia is that anesthesiologists can be actively involved in the selection of therapeutic strategy. In other fields, the indication and timing of surgeries are determined by surgeons, with no opportunities for anesthesiologists to offer their opinions. However, in obstetric anesthesia, anesthesiologists can play an important role in decision-making such as whether to attempt vaginal delivery or to perform cesarean delivery, and the time when cesarean delivery should be performed if selected, by giving their expert opinions. In order to do so, however, obstetric anesthesiologists must have a firm understanding of the physiology of labor and of the clinical practice of obstetrics. Of particular importance is a sufficient understanding of the uterotonics and tocolytics used in the perinatal period. This study will introduce recent findings regarding the use of tocolytics and uterotonics that anesthesiologists involved in obstetric anesthesia should know.
RATIONAL ADMINISTRATION OF UTEROTONICS FOR CESAREAN SECTION
In cesarean delivery, uterotonics have conventionally been administered to achieve sufficient uterine contraction following delivery. In the past 10 years, research has progressed regarding methods for the rational administration of uterotonics. This research was sparked by a 2004 report by Carvalho et al. [1] which stated that the minimum effective initial dose of oxytocin in elective cesarean deliveries is 0.35 IU, which is far less than the previous conventional dose (5-10 IU). In 2006, Balki et al. [2] (who was also part of the Carvalho study) reported that the minimum effective initial dose of oxytocin in emergency cesarean delivery for labor arrest is 2.99 IU. This finding suggests the occurrence of desensitization to oxytocin during the course of delivery, in which oxytocin is administered to promote uterine contraction; however, this dose is still less than the dose conventionally administered in the past. Also, in 2010, Butwick et al. [3] demonstrated that 5 IU oxytocin significantly increases the prevalence of hypotension, thus raising awareness of the side-effects of oxytocin overdose. Findings thus far have been summarized well in a review by Dyer et al. [4] . Since that review was published, however, further research has begun to determine oxytocin administration methods that minimize side-effects while maximizing efficacy.
CONTINUOUS INFUSION OF OXYTOCIN FOR CESAREAN SECTION
Oxytocin has conventionally been used as a first line uterotonics for cesarean section either by continuous infusion or bolus administration. Northwestern Medical Hospital in Chicago had, by convention, been performing continuous infusion of oxytocin [10 IU in normal saline (0.9% NaCl) 500 ml], although there was no established protocol regarding the rate of infusion. Thus, in 2008, a protocol was adopted in which continuous infusion of oxytocin (30 IU in 0.9% saline 500 ml) is begun at 18 IU/h and is increased to 36 IU/h if sufficient uterine contraction is not achieved. In 2014, preprotocol to postprotocol adoption changes were reported [5] . According to this report, following protocol adoption, the average intraoperative dose of oxytocin decreased to 8.4 IU. Despite a slight increase in estimated blood loss, no significant differences were observed in the percentage of patients demonstrating blood loss higher than 1000 ml or in the percentage of patients who required additional uterotonics in addition to oxytocin. This group further revised the protocol; in an examination of the rate of continuous infusion necessary to achieve sufficient uterine contraction 4 min after delivery, they reported that the effective dose of oxytocin (ED90) was higher for laboring parturients than for nonlaboring parturients (6.2 vs. 44.2 IU/h) [6 && ]. It is, therefore, suggested that protocol for oxytocin infusion should be different between laboring patients with prior exposure to oxytocin and nonlaboring patients.
BOLUS ADMINISTRATION OF OXYTOCIN FOR CESAREAN SECTION
Bolus administration of oxytocin has been another popular method for cesarean section, in spite of its possible risk of hypotension. In 2010, Tsen and Balki [7] proposed an oxytocin administration protocol called the 'rule of threes' ( Table 1 ). In 2015, results from a study investigating the efficacy of this rule were reported from Brigham and Women's Hospital in Boston [8 && ]. The rule group (i.e. those patients to whom the rule of threes was applied) received slow intravenous administration of 3 IU oxytocin immediately after delivery, followed by intravenous administration of 3 IU oxytocin every 3 min until sufficient contraction was achieved (maximum 3 administrations). The control group, on the other hand, began with continuous wide-open infusion of oxytocin (30 IU/500 ml) immediately after delivery, with infusion continued until sufficient contraction was achieved. If sufficient contraction was not achieved 9 min after delivery, additional uterotonics were administered, starting with methylergonovine and followed by carboprost and then misoprostol. In both groups, once sufficient uterine contraction was confirmed, oxytocin administration was changed to continuous infusion of 3 IU/h and was continued until the woman left the operating room. The rule group required less than half the dose of oxytocin used by the control group (mean, 4.0 vs. 8.4 IU; point estimate of the difference, 4.4 AE 1.0 IU; 95% CI, 2.60-6.15; P < 0.0001), while no significant differences were observed in hemodynamics or blood loss. Another challenge to prevent maternal hypotension following bolus administration of oxytocin has been reported. Farber et al. [9] examined whether co-administration of calcium chloride
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Various kinds of tocolytic agents are used in the various kinds of situation in the peri-partum period. Obstetric anesthesiologists are supposed to know these indications to provide better clinical practice. (200 mg or 500 mg) with bolus administration of oxytocin (5 IU) could prevent changes in maternal hemodynamics, and reported that no significant differences were observed in blood pressure reduction, vasopressor use, or uterine tone.
CARBETOCIN FOR CESAREAN SECTION
Carbetocin is a newly developed uterotonic with a longer half-life than that of oxytocin, thus giving rise to investigation of its utility as a uterotonic following delivery (cesarean or vaginal) [10] . A group at Mount Sinai Hospital in Toronto has continuously reported the results of a series of studies on the optimal dose of carbetocin. They have reported that 100 mg of carbetocin recommended by the Society of Obstetricians and Gynecologist of Canada yields favorable uterine contraction, but the prevalence of hypotension and other side-effects is high [11, 12] . More recently sequential allocation trials to determine the ED90 of carbetocin for achieving sufficient uterine tone have reported that the ED90 at elective cesarean delivery (nonlaboring) was 14.8 mg [13 & ], while the ED90 at emergency cesarean delivery (laboring) was 121 mg [14 & ]. However, the effects of high-dose carbetocin are not guaranteed, and caution is necessary because of the high prevalence of arrhythmias and other sideeffects.
MISOPROSTOL FOR CESAREAN SECTION
Misoprostol is a relatively inexpensive prostaglandin E 1 formulation which can be administered orally, sublingually, vaginally, or anally; thus, in countries lacking medical resources, it has garnered attention as a means of preventing postpartum hemorrhage [15] . Previous studies have reported that compared with oxytocin alone, the combined use of oxytocin and misoprostol significantly reduces blood loss during cesarean delivery as well as the minimum effective doses of other uterotonics [16] [17] [18] .
FIRST-LINE UTEROTONICS FOR CESAREAN SECTION
These comparisons revealed that the most effective uterotonic was oxytocin, followed by ergonovine, prostaglandin F 2a , and misoprostol (Fig. 1) . Oxytocin was also found to be more effective for nonlaboring women than for laboring women, and more effective in nonoxytocin augmented labor than in oxytocin-augmented labor. These results support the use of oxytocin as a first-line uterotonic in cesarean deliveries. However, in oxytocinpretreated myometrial strips, the combination of oxytocin with ergonovine or carboprost yielded more powerful uterine contractions than did oxytocin alone [20 & ]; thus, in emergency cesarean delivery for labor arrest, the combination of these uterotonics should be considered from the outset. Also, in oxytocin-pretreated myometria, desensitization reportedly attenuates the efficacy of both carbetocin and oxytocin, thus requiring caution [21].
SECOND-LINE UTEROTONICS FOR CESAREAN SECTION
When administration of oxytocin fails to achieve sufficient uterine contraction during cesarean found that among parturients who were administered either methylergonovine or carboprost as a second-line uterotonic, the percentage of women who required some form of treatment for hemorrhage was significantly lower in the methylergonovine group; thus, they reported methylergonovine to be a superior second-line uterotonic to carboprost. Going forward, anesthesiologists involved in obstetric anesthesia will need to not only rely on protocols, but also be able to determine the appropriate uterotonic for a given situation.
TOCOLYTICS FOR PRETERM LABOR
Preterm labor, defined as parturition between 20 and 36 weeks of pregnancy, is the biggest factor in perinatal death. Thus far, vaginal progesterone and cervical pessary have been confirmed as useful measures for preventing preterm labor in pregnancies with threatened preterm labor [24] . Although the preventive effects of long-term administration of tocolytics against threatened preterm labor remain controversial, they are still used to buy time for steroid-induced maturation of the fetal lungs and for transport of the mother to a highorder medical institution [25] . The tocolytics often used for this purpose are b-mimetics (including ritodrine and terbutaline), but these can result in tachycardia and other side-effects [26] ; thus, the most commonly used tocolytic agents are calcium channel blockers (such as nifedipine), which possess few side-effects [27] . There has also been a recent examination into the efficacy of oxytocin receptor antagonists (such as atosiban) [28] , as well as a discussion of the pros and cons of magnesium [29] . Magnesium has been reported to improve neurologic prognosis in neonates; however, if a pregnant woman who has been administered magnesium requires emergency cesarean delivery with general anesthesia, the anesthesiologist must be careful about interactions between magnesium and muscle relaxants.
TOCOLYTICS FOR EXTERNAL CEPHALIC VERSION
External cephalic version (ECV) is the application of external force to the abdominal wall to turn a fetus from a breech position to a cephalic position. Due to the reported risk to the baby in vaginal delivery in a breech presentation, cesarean delivery has been recommended, although ECV is also sometimes attempted in order to avoid cesarean delivery. General anesthesia via neuraxial block has been reported to improve the success rate of ECV [30] . There has also been an investigation into whether the use of tocolytics improves the success rate of ECV. In a meta-analysis of such results, the use of b-stimulants was reported to improve the success rate of ECV; however, the effects of calcium channel blockers and nitroglycerin have not been demonstrated sufficiently [31] .
TOCOLYTICS FOR RAPID UTERINE RELAXATION
Fetal heart rate is monitored to evaluate the fetus during delivery. In a diagnosis of nonreassuring fetal status (NRFS), intrauterine fetal resuscitation must be performed. Representative methods of intrauterine fetal resuscitation include maternal oxygen administration, maternal postural change, and rapid fluid loading. In addition, the utility of tocolytic administration has also been examined [32, 33] . Although b-mimetics (ritodrine [34, 35] , hexoprenaline [36] , orciprenaline [37] ) and nitroglycerin [38, 39] have been reported to be effective for NRFS, these reports all used small sample sizes and vague methods for assessing efficacy. A relatively recent study comparing nitroglycerin and the b-mimetic terbutaline demonstrated that while the b-mimetic yielded a significantly greater tocolytic effect, there was no significant difference in the success rate of intrauterine fetal resuscitation [40] . Furthermore, based on the significant reduction in maternal blood pressure in the nitroglycerin group, the use of nitroglycerin for NRFS should be considered carefully. At present, there is no sufficient evidence to declare that tocolytics for NRFS reduce the rate of cesarean delivery; rather, further study is needed.
TOCOLYTICS FOR UTERINE INVERSION
Uterine inversion refers to the uterus turning inside out and coming out of the vagina. It can result in fatal postpartum hemorrhage, thus requiring correction of the uterus as quickly as possible, which in turn requires sufficient uterine relaxation. In the past, b-agonists have been useful in this context [41] . Although nitroglycerin has also been reported as useful for uterine inversion, some believe that the placenta must be present for nitroglycerin to exert a tocolytic effect [42, 43] . Although one study has reported that nitroglycerin yielded uterine relaxation in the absence of the placenta [44] , there is not yet sufficient evidence that nitroglycerin is effective for uterine inversion. In uterine inversion, blood loss increases over time, and hemodynamics become unstable; therefore, when reduction is difficult to achieve with uterotonics, the anesthesiologist should make preparations to enable immediate conversion to general anesthesia. While the risks of general anesthesia of course require sufficient caution, relaxing the smooth muscle with an inhalational anesthetic while also relaxing the skeletal muscle with a muscle relaxant is anticipated to contribute to a successful reduction.
TOCOLYTICS FOR RETAINED PLACENTA
Retained placenta refers to a condition in which the placenta, whether detached from the uterus or not, has not been expelled within 30 min of delivery. If untreated, this condition results in postpartum hemorrhage and potentially the death of the mother. Radical treatment of retained placenta consists of manual removal of the placenta within the uterus; however, this poses the risks of hemorrhage and infection. In addition, when general or local anesthesia is required, there are risks associated with anesthesia. A 2005 report found that intravenous administration of a uterotonic (oxytocin 10 IU) and a tocolytic (nitroglycerin 1 mg) for retained placenta significantly reduced the frequency of manual removal of the placenta [45] ; however, a recent meta-analysis was unable to confirm these findings [46] . Another recent metaanalysis was also unable to confirm the efficacy of uterotonics (oxytocin and prostaglandin) for retained placenta [47] . Manual removal of the placenta should be considered the first-line therapy for retained placenta without insisting on the use of tocolytics.
CONCLUSION
Rational use of uterotonics for cesarean section has been well studied in the past decades. Anesthesiologists involved in obstetric anesthesia should be able to determine the appropriate uterotonic for a given situation. On the other hand, the role of tocolytic agents in obstetric anesthesia has not been well studied and further studies are needed. 
